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DESCRIPTION AND INITIAL OPERATING PERFORMANCE OF 
THE LANGLEY 6-INCH EXPANSION TUBE 
USING HEATED HELIUM DRIVER GAS 

John A. Moore 
Langley Research Center 

- SUMMARY 

A general description of the Langley 6-inch expansion tube is presented along with 
discussion of the basic components, internal resistance heater, arc-discharge assemblies, instru- 
mentation, and operating procedure. Preliminary results using unheated and resistance-heated 
helium as the driver gas are presented. Driver-gas pressure ranged from approximately 17 to 
59i MPa and temperature ranged from 300 to 510 K. Air was employed as the test gas 
and helium, as the acceleration gas. 

The incident shock velocity in the driven section was observed to exceed prediction 
from simple, real-air shock- tube theory for the present range of pressure ratio across the 
primary diaphragm and driver-gas temperature. Measured differences between shock velocities 
resulting from an unheated helium driver gas and velocities with a resistance-heated driver 
gas were significantly less than prediction. The test-gas-acceleration-gas interface was observed 
to initially accelerate, then attenuate, in traversing the acceleration section. Pitot-pressure 
surveys indicated a test core diameter of approximately one-half the tube diameter at the 
higher interface velocities. Test times were in good agreement with prediction, except at 
the lower interface velocities of this study. Measured wall static pressures generally agreed 
with predicted values based on a thermochemical equilibrium expansion of the air test gas. 
However, measured pitot pressures generally fell between predictions for an equilibrium 
expansion and for a frozen expansion. 


INTRODUCTION 

The feasibility of the expansion tube as a facility suitable for high-velocity flow 
research was demonstrated by tests performed in the Langley pilot model expansion tube 
and reported in reference 1. While these tests confirmed that measured flow velocity, 
thermodynamic properties, and test-flow duration were of the order predicted by simple 
theory (ref. 2), a number of undesirable features surfaced. For example, measured velocity 
profiles at the test section (ref. 3) indicated the flow core diameter was approximately 
50 percent of the tube diameter (9.5 cm). Hence, extremely small models would be 



required for testing. Also, as noted in reference 4, the unmachined, extruded tube walls 
of the pilot model probably affected the location of boundary-layer transition, which in 
turn may have a detrimental effect on test-section flow quality. The poor repeatability of 
test conditions observed in reference 1 can be attributed, in part, to (1) a vacuum system 
plagued by leaks and (2) the randomness of the pressure ratio across the single primary 
diaphragm at rupture. However, the advantages from these pilot-model tests were judged 
to outweigh the disadvantages (ref. 1), thereby leading to the construction of a larger, more 
refined expansion tube. 

The Langley 6-inch expansion tube offers a number of advantages over the pilot model, 
such as (1) smooth (machined) tube walls, (2) all stainless-steel construction, (3) larger tube 
diameter, (4) double primary diaphragm mode of operation, (5) increased pressure range for 
driver section, (6) improved vacuum system and greater pumping capability, and (7) much 
larger quantity of stored electrical energy for arc discharge. Design and construction were 
oriented to make this facility capable of producing the high velocities required for real-gas 
studies related to planetary entries with reasonable run frequency. 

The primary purpose of this report is twofold. First, to present a general description 
of the Langley 6-inch expansion tube, along with discussion of the basic components, 
internal resistance heater, arc-discharge assemblies, instrumentation, and operating procedure. 
Second, to present preliminary results using unheated and resistance-heated helium as the 
driver gas. Test-flow quality and comparison of measured and predicted expansion-tube 
flow quantities are also discussed. 


SYMBOLS 

The International System of Units (SI) (ref. 5) are used for all physical quantities, 
a speed of sound, m/sec 

M s incident-shock Mach number, U s /a 

p static pressure, Pa 

Pj. pitot pressure, Pa 

T temperature, K 

U velocity, m/sec 
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U s incident-shock velocity, m/sec 

x distance along tube, measured downstream from the primary diaphragm, m 

Subscripts: 

1 initial state in intermediate or driven section 

4 initial state in driver section 

5 state of test gas flow 

10 initial state in acceleration section 

DESCRIPTION AND OPERATION 

Before discussing the basic components and operating procedure of the Langley 6-inch 
expansion tube, a brief introduction to the facility will be presented. This facility is basi- 
cally a cylindrical tube divided into three sections by a primary diaphragm and a secondary 
diaphragm. As shown in figure 1, the primary diaphragm separates the driver or high- 
pressure section from the driven or intermediate section; the secondary diaphragm separates 
the driven section from the acceleration section. This acceleration section exits inside a 
large dump tank, and test models are positioned at the exit. 

Prior to a run, the three sections and dump tank are evacuated. A gas having a high 
speed of sound, such as helium, is introduced into the driver section. The speed of sound 
may be increased by heating the driver gas with a 3-MW’ resistance heater or an electric-arc 
heater having either a coaxial or parallel-rail arrangement. The test gas, which is arbitrary, 
is introduced into the driven section; and the acceleration gas, generally helium, is introduced 
into the acceleration section and dump tank. A detailed discussion of the theoretical 
expansion-tube flow sequence is presented in reference 2. 

Description of Basic Components 

The Langley 6-inch expansion tube shares the Langley hot gas radiation research 
facility with the Langley 6-inch shock tube (ref. 6). This enables much of the supporting 
mechanical and electrical equipment to be shared by both tubes. 

A sketch of the Langley 6-inch expansion tube is given in figure 2. The basic 
components of this facility are (1) the high-pressure driver section, (2) the intermediate 
ior driven section, (3) the acceleration or expansion section, and (4) the dump tank. 
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Photographs of these components are shown in figure 3. Auxiliary equipment required for 
operation of the facility consists of (1) storage bottles for high-pressure driver gases, (2) high- 
pressure pump, (3) mechanical and diffusion pumps for evacuation of the various sections, 

(4) a resistance heater with power supply to heat the driver gas, and (5) capacitor banks 
and charging unit. These banks store electrical energy for the coaxial and parallel-rail 
electric-arc discharge units which are used to heat the driver gas to temperatures in excess 
of those possible with the resistance heater. Each of the basic components and the auxil- 
iary equipment will now be described in more detail. 

Driver section.- The driver section was designed as a pressure vessel capable of with- 
standing a maximum pressure of 138 MPa. A great deal of attention was given to the 
sealing of this section due to the difficulty of containing high-pressure helium and hydrogen 
driver gases. (The proposed use of hydrogen as a driver gas ushered in stringent safety 
requirements which were applied to all phases of design and construction.) This vessel was 
fabricated from ASTM A336 Type F8-304 stainless steel. The internal diameter is 35.6 cm 
and the section is 2.44 m long. This diameter will accommodate a resistance heater, the 
coaxial electric-arc assembly, or the parallel-rail electric-arc assembly. To reduce the quantity 
of driver gas required for unheated or resistance-heated mode of operation, a liner may be 
installed having a diameter of 16.5 cm. A breech plug with interrupted - threads accepts the 
heaters and the electric-arc assemblies and seals the upstream end of the vessel. 

Double-diaphragm section. - The transition between the driver section and driven section 
is achieved with the double-diaphragm section illustrated in figure 4. This section can accept 
either a single diaphragm, or two diaphragms spaced 15.24 cm apart. The entrance piece, 
square piece, and square-to-circular transition piece (fig. 4) are fabricated of 17-4 PH (condi- 
tion H-1150) stainless steel. 

An experimental study of the opening process of large steel diaphragms (ref. 7) showed 
that a ring flange was required to prevent the diaphragm from pulling in from the clamped 
edges. The diaphragms used in the present tests are sketched in figure 5. These diaphragms 
were machined from 304 stainless steel with a retaining ring flange integral with the dia- 
phragm. Two diagonal grooves were machined in the face of each diaphragm 90° to each 
other at a depth required for a particular burst pressure. 

The impact of the four diaphragm petals on the walls of the double-diaphragm section 
resulted in deformation of the walls, as well as occasional loss of the tips of the petals. 
These problems were alleviated by installing brass damper pads just downstream of the dia- 
phragms to absorb the impact of the petals. This pad is four sided and has a thickness of 
3.18 mm. Pad life is approximately 8 to 10 runs. 

Driven section .- The most upstream section of the driven tube is fabricated from 
17-4 PH (condition H-1150) stainless steel and designed for a maximum pressure of 69 MPa. 
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This section, which may be removed laterally to provide easy access to the double-diaphragm 
section, is 2.44 m long and has an internal diameter of 15.24 cm. As indicated in figure 2, 
the driven section length can be extended by adding additional sections, thereby requiring 
relocation of the secondary diaphragm. The test gas is introduced into this section prior to 
the run. The interior wall surface of all driven and acceleration (discussed subsequently) 
sections was machined to a 32 -microinch finish. 

Acceleration section .- The acceleration tube is made up of several sections of tubing 
that are 15.24 cm in internal diameter and of lengths 0.49, 2.14, or 4.57 m. These sections 

J 

were fabricated from ASTM A3 14 Type 304 stainless steel and designed for a maximum 
pressure of 34.5 MPa. The total length of the acceleration section may be varied, with the 
maximum length used to date being 19.2 m. This ability to vary acceleration section length, 
resulting in a corresponding variation in driven section length (for this study, these two 
sections have a fixed, total length of 21.6 m), is a result of the run-time optimization study 
of reference 2. 

A thin (generally mylar) diaphragm separates the driven and acceleration sections. The 
acceleration gas, which was helium in the present study, is introduced into the acceleration 
section prior to the run. 

Dump tank.- The dump tank is a vessel 10.7 m long with an internal diameter of 
1.22 m and a volume of approximately 12.8 m^. This vessel is fabricated from 304 stain- 
less steel and designed for a maximum pressure of 1.02 MPa and a minimum pressure of 
0.0013 Pa. The expansion tube enters the upstream end of the dump tank through a slip 
joint and ends approximately 0.6 m into the tank. Model testing is performed at the exit 
of the expansion tube; hence, models are tested in an open jet. Schlieren quality windows 
of 45.7-cm diameter are located on opposite sides of the dump tank for viewing the flow 
about test configurations. Plates on the top and bottom of the dump tank provide bases 
for model support systems and header boxes, which serve as a means of exit for instru- 
mentation leads from the test section. 

Vacuum pumping system .- A rotary Roots blower type vacuum pump is used for 
initially evacuating the dump tank and acceleration section and driven section. A bypass 
line around the diaphragm separating the driven tube and acceleration tube helps to equalize 
the pressure in these two sections during pump down, thereby preventing rupture of the 
thin diaphragm. Two 50.8-cm diffusion pumps are used to obtain a minimum pressure of 
less than 0.01 Pa. This level of vacuum is necessary to minimize contaminants which will 
mix with the acceleration gas after it is entered into the acceleration section. Small mechan- 
ical pumps evacuate the driver section and driven section to approximately 7 Pa and 1 Pa, 
respectively. At the completion of each run, gases within the facility are dumped into a 
previously evacuated sphere having a diameter of 5.5 m. A two-stage steam ejector pump 
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is used to exhaust any potentially hazardous gases (such as hydrogen) remaining within the 
facility. This ejector pump is also used for sphere evacuation. 

High-pressure system.- The high-pressure driver gases are stored in a bottle field con- 
sisting of 10 bottles with a total volume of 0.77 m 3 . These bottles, which are external to 
the building and encircled by a wall of earth, are designed to withstand a pressure of 
83 MPa. A diaphragm type pump, designed for 138 MPa, is used to transfer the gas from 
lower pressure bottles or a trailer to the storage field. 

Resistance heater.- As discussed in reference 8, several studies have concluded that 
operational characteristics of resistance heating have significant advantages over other methods. 
Hence, this mode of heating the driver gas was incorporated into the design of the, Langley 
6-inch expansion tube. Three different size internal resistance heater elements were fabricated 
(ref. 8). Figure 6 illustrates the unit used for the present study, in which the driver-section 
diameter was 16.5 cm. The heating element (fig. 6) is constructed of two parallel modified 
Y-shaped stainless-steel (type 321) extrusions. These are connected at the upstream end to 
the 3-MW power supply by water-cooled beryllium-copper rods (alloy 10), which also mechan- 
ically restrain the element, and at the downstream end by two stainless-steel crossover plates. 
The two members of the element are separated from each other by H-shaped aluminum-oxide 
insulators and insulated from the driver wall by aluminum-oxide cylinders. A more detailed 
description of the heater, power supply, and performance of this heating unit is given in 
reference 8. 

Electric-arc heating.- Two assemblies for heating the driver gas with an electric-arc 
discharge were designed and fabricated. One is a coaxial design (fig. 7(a)) and the other 
is a parallel-rail system (fig. 7(b)). The coaxial arrangement offers the advantage of fewer 
problems in the electrical and mechanical design. However, this arrangement results in 
longitudinal temperature gradients within the driver section since the electrodes are positioned 
at the upstream end of the section. A more uniform temperature distribution is expected 
from the parallel-rail design. 

The energy to drive either of these systems is stored in a 10-MJ energy storage system 
consisting of four banks of capacitors and a charging unit. Each bank consists of 800 capac- 
itors; each capacitor is rated at 12 000 V and 43 juF of capacitance. Groups of 10 capac- 
itors are connected through a coaxial cable which leads to a coaxial collector (fig. 2). 

One collector serves each bank of 800 capacitors. This permits the bank to be used sepa- 
rately or in parallel with the other banks. 

Operating Procedure 

The theory of .operation is given in reference 2 and the sequence of events is, briefly 
(see fig. 1): 


6 



(1) The driver section is pressurized to the desired level and the steel diaphragms 
separating the driver and driven sections are ruptured. 

(2) The resulting incident shock wave travels into the quiescent test gas in the driven 
section and impacts and ruptures the thin diaphragm separating the driven and acceleration 
sections. 

(3) A second incident shock travels through the quiescent acceleration gas. 

(4) The test gas is accelerated through an unsteady expansion fan at the entrance of 
the acceleration section to the test velocity, pressure, and temperature at the test section 
(tube exit). 

There are three procedures available for raising the driver pressure and rupturing the 
steel diaphragms separating the driver and driven sections. The first procedure uses an 
electric-arc discharge with a single steel diaphragm separating the two sections. The driver 
supply gas is introduced into the driver section until the desired pressure is obtained. Energy 
transferred to this gas by the electric-arc discharge raises the temperature and pressure high 
enough to insure rupture of the diaphragm. 

The second procedure is generally used for unheated driver-gas operation with two 
steel diaphragms installed in the double-diaphragm section between the driver and driven 
sections. As the high-pressure supply gas is introduced into the driver section, it is also 
introduced into the volume between the two steel diaphragms. This double-diaphragm section 
is pressurized to approximately one-half the final driver pressure. To initiate diaphragm 
rupture, the gas between the two steel diaphragms is vented to atmosphere, thereby increasing 
the pressure difference across the upstream diaphragm. This .overpressure ruptures the up- 
stream diaphragm and allows the full pressure of the driver to rupture the second diaphragm. 
Such a method permits control of the ratio of driver-gas pressure to driven-gas pressure for 
a given run. The volume between the two diaphragms is small, being less than 7 percent 
of the total volume of the driver, and does not appreciably affect the final pressure ratio. 

A single diaphragm may also be used with this unheated driver-gas mode of operation. 

The third procedure uses the resistance heater to raise the temperature of the driver 
gas, and is essentially the same procedure as used for the unheated driver-gas mode of 
operation; that is, when the desired pressure and temperature in the driver gas are obtained 
with the heater, the diaphragm rupture is initiated by venting the double-diaphragm section. 

The driver, driven, and acceleration sections are evacuated prior to filling with the 
appropriate gases. Any gas or mixture of gases desired as a test medium may be introduced 
into the driven tube. The quiescent test-gas pressure is generally 0.3 to 17 kPa, although 
several tests have been performed for higher values of Pj. The acceleration gas provides a 
means of controlling the velocity and pressure (routinely measured quantities) of the test gas 
as it moves through the acceleration section. As noted in reference 2, a gas with low 
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molecular weight such as helium permits the use of higher initial acceleration-section pres- 
sure Pjq. The same value of test-gas velocity and pressure obtained with the light acceler- 
ation gas may also be obtained with heavier acceleration gases, provided the quiescent den- 
sities of the two gases are equal (ref. 9). In the present study, helium was used as the 
acceleration gas and p^ was varied from roughly 3 to 930 Pa. To assure purity of the 
acceleration gas, it was stored in a pressure vessel mounted on the dump tank and intro- 
duced into the dump-tank acceleration section just prior to pressurization of the driver 
section and subsequent diaphragm rupture. 

INSTRUMENTATION 

Pressure 

The expansion tube is characterized by extremely short test times. In general, the 
test time is less than 400 psec, and thus the pressure instrumentation must have very fast 
response to pressure change and a minimum of orifice-cavity volume to reduce pressure-lag 
effects. Presently, stagnation pressure behind a normal shock (pitot pressure), model surface 
pressure, and expansion-tube wall pressure are measured with miniature piezoelectric (quartz) 
transducers having rise times of approximately 1 to 3 psec and a pressure range of approxi- 
mately 700 Pa to 20 MPa. The pressure transducers are used in conjunction with a charge 
amplifier, and the output signal is filtered and recorded from an oscilloscope with the aid 
of a camera. Representative oscilloscope films of pitot-pressure and wall-static-pressure traces 
are shown in figure 8. The maximum uncertainties in pressure measurements are believed 
to be less than ±20 percent for tube wall pressure and for pitot pressure (ref. 9). 

Since piezoelectric transducers exhibit a zero shift when subjected to a positive temper- 
ature pulse, a coating of Pliobond or silicone RTV rubber was applied to the sensing surface 
of all transducers for thermal protection. Pressure transducers facing into the flow, such as 
used in the pitot-pressure survey-rake probes shown in figure 9, must be protected from steel 
slivers from the rupture line of the primary diaphragms and mylar fragments from the 
secondary diaphragm, carried in the posttest flow. The procedure used to protect these 
transducers was to employ an overlapping baffle arrangement just ahead of the transducer 
sensing surface (fig. 9). This arrangement did not introduce significant lag, as observed from 
the pitot-pressure response of figure 8, and successfully protected all pitot-probe transducers 
used in the present study. 


Velocity 

One method used to infer the incident shock velocity in the driven section and test- 
gas-acceleration-gas interface velocity in the acceleration section was the microwave technique 
(ref. 10). This microwave interferometer system is designed to introduce microwave energy 
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into the expansion tube, excite a standing wave in the tube due to reflection from the 
primary diaphragm, and then detect the movement of this standing wave due to the move- 
ment of the incident shock wave generated upon diaphragm rupture. The varying periodic 
signal is recorded on a high-speed (60 rps) drum-camera-oscilloscope combination and a repre- 
sentative microwave film for air test gas is shown in figure 8. 

The antenna for this system consisted of an uninsulated tin-copper wire having a 
diameter of 0.61 mm. This wire was stretched vertically across the tube diameter and posi- 
tioned approximately 5 cm downstream of the tube exit (fig. 3(d)). The signal generator 
was adjusted to put out a 1.33-GHz signal. This frequency results in the distance between 
successive minimums or successive maximums of the microwave trace (fig. 8) corresponding 
to a movement of 22.71 cm. Since 5.08 cm of film length corresponds to 1 msec, the 
time, hence corresponding velocity, between successive minimums or maximums is readily 
obtained. 

If the electron density of the shock front or interface is not sufficient to provide 
reflection of the microwave signal, other techniques must be employed. A second, and some- 
what more conventional means used to determine incident shock velocity was to position 
high response instrumentation along the length of the tube at known intervals. This proce- 
dure allows a position-time history to be generated; hence, the average velocity is determined 
between successive instrumented stations. The time interval for incident shock arrival between 
stations was determined from the response of piezoelectric pressure transducers, thin-film 
resistance heat-transfer gages, and photomultipliers mounted along the tube and flush with 
the tube wall. These three types of instrumentation produced sharp jumps in signal output 
upon shock arrival. Outputs from these types of instrumentation were recorded from an 
oscilloscope with the aid of a camera, and representative oscilloscope traces for pressure 
transducer, heat-transfer gage, and photomultiplier are presented in figure 8. Times for the 
shock to travel between stations were obtained by manually reading the oscilloscope film. 

Each type of instrumentation yields information about the flow behind the shock wave. 

With the exception of the pressure instrumentation, their present use was confined to deter- 
mining time of arrival of the shock wave or the test-gas— acceleration-gas interface. For this 
study, the uncertainties in incident shock velocity in the driven section and interface velocity 
in the acceleration section are believed to be less than ±5 percent. 

The locations of instrumentation stations along the tube used in this study are given 
in table 1. Since the facility was modified immediately after the present shakedown tests, 
the more recent locations of instrumentation are also tabulated in table 1 for future 
reference. 
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Schlieren System 

The schlieren system used for this facility is a single pass, Z-shaped system using 
40.65-cm-diameter f/6 parabolic mirrors, and 40.65-cm-diameter schlieren quality windows. 

Two recording systems may be used simultaneously. The first system uses a xenon arc lamp, 
with a pulse-forming network, as a source and an ultrahigh-speed framing camera to record 
the images. The duration of the light source can be selected as 60 ju sec, 250 jusec, or 
1000 jusec. With the range of framing rates of the high-speed camera, exposure times from 
1 to 1 5 jusec can be obtained. This system is described in detail in reference 1 1 . The 
second system uses a 200-nsec duration spark source. A still camera having a film size of 
10.2 cm X 12.7 cm is used for recording. An electromagnetically collapsed aluminum-foil 
shutter, with an open-to-shut time of roughly 50 jusec, is used to prevent unwanted exposure 
from light produced in the posttest flow. 

The single-exposure spark source system was alined on-axis to obtain the accuracy 
needed for shock-shape studies. The other system was alined slightly off-axis, and small, 
flat, front-surface mirrors were used to prevent interference of the two systems. A repre- 
sentative schlieren photograph taken with the single-exposure spark source system is shown 
in figure 10. This photograph illustrates the shock detachment distance for a flat- faced 
cylinder model in Mach 7.7 airflow at a normal shock density ratio of approximately 11. 


Triggering System 

Reliable triggering of facility instrumentation for an expansion tube is of primary 
concern. In the course of this shakedown, it was found that a reliable triggering signal for 
the oscilloscopes was produced by an accelerometer mounted to the outside surface of the 
double-diaphragm section. This accelerometer detected an acceleration in the axial direction 
of the tube resulting from the diaphragm rupturing process. For the present study, the signal 
from this accelerometer triggered oscilloscopes used to monitor the microwave signal and the 
output of pressure, heat transfer, and photomultiplier gages. Time delays to oscilloscopes 
monitoring instrumentation further downstream of the primary diaphragm were supplied by 
a digital time delay generator and are known to within a microsecond. This triggering 
method is not subject to spurious signals, nor does it require gain adjustments for varying 
instrumentation outputs. 


When the resistance heater was used to heat the driver gas, chromel-alumel thermo- 
couples were installed on the heater element and in the region of the driver between the 
downstream end of the heater and the diaphragm. This latter thermocouple was used to 
determine the driver-gas temperature T^ just prior to rupture of the primary diaphragm. 
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TEST CONDITIONS 


Test results reported herein were obtained during the shakedown on the expansion tube 
and thus are preliminary. The driver gas was helium at either ambient temperature (300 K) 
or heated by the resistance heater to a temperature of 450 to 510 K. Air was used as the 
test gas and helium, as the acceleration gas. The driven-section and acceleration-section 
lengths were 2.44 m and 19.2 m, respectively. 

Test conditions for the present study, where Tj is equal to 300 K, are given in 
table 2. 

RESULTS AND DISCUSSION 

Since the incident shock velocity in the driven section U s j is a basic input to the 
computer program of reference 9, this quantity is measured routinely. A comparison of 
measured incident shock Mach number M § j (equal to U g j/aj) immediately upstream 
of the secondary diaphragm to prediction is shown in figure 1 1 . Measured values of U g j 
in the air test gas were determined from time-of-arrival gages. Due to the dependency 
of the microwave system on electron density (ref. 10), microwave traces were not always 
obtained, particularly at the lower velocities. When obtained, velocities inferred from the 
microwave traces were observed to be in good agreement with velocities inferred from time- 
of-arrival gages. Predicted values were obtained from the simple, real-air theory (that is, 
one-dimensional inviscid flow and a driven-to-driver cross-sectional area ratio of unity are 
assumed) of reference 9 for an imperfect helium driver gas over a range of driver-gas temper- 
atures T^. Experimental results for both unheated helium and resistance-heated helium 
driver gas are denoted in figure 11. The shaded symbols denote a test with a single dia- 
phragm and open symbols denote double-diaphragm tests. For a given pressure ratio P^/Pp 
measured values of M $ j exceed predicted values for both unheated and heated driver gases. 
This discrepancy is attributed, in part, to the finite opening time of the heavy steel dia- 
phragms (refs. 12 and 13). Although shock velocities for heated helium driver exceed veloc- 
ities for unheated helium driver, the difference is significantly less than predicted; that is, for 
a given pressure ratio P^/Pp a 40- to 80-percent increase in helium-driver-gas temperature 
does not yield the expected (based on prediction) increase in performance. The results of 
figure 11 may imply an effect of the diaphragm mode of operation (single or double) for 
unheated helium driver gas and P^/Pj equal to 10 000' however, the few runs at this 
condition preclude a conclusion that higher shock velocities are generated with the double 
diaphragm. 

The movement of the incident shock in the driven section and the test-air— helium- 
acceleration-gas interface velocity in the acceleration section, as inferred from microwave 
measurements, are illustrated in figure 12 for resistance-heated driver gas. It is interesting 
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to note that the shock velocity in the 2.44-m-long driven section is still accelerating upon 
arrival at the secondary diaphragm station. This trend of the incident shock initially accel- 
erating is well established (refs. 12 and 14). According to predictions of reference 15, the 
helium acceleration gas behaves ideally (is not ionized) at the present flow conditions. There- 
fore, the helium acceleration gas should be transparent to the microwave signal, which thus 
tracks the interface. The interface is observed (fig. 12) to initially accelerate to a maximum 
velocity at about 20 tube diameters downstream of the secondary diaphragm, then attenuate 
with increasing distance from the secondary diaphragm. This attenuation between the station 
corresponding to the maximum velocity and the tube exit (approximately 14 m) is about 
0.15 km/sec, which is of the same order as the attenuation reported for the pilot-model 
expansion tube over an 8-m length (ref. 1). The trend of attenuation in interface velocity 
was observed for all test conditions. 

The incident shock velocity in the helium acceleration gas was determined from time- 
of-arrival gages. Attenuation of this shock is greater than the interface attenuation, starting 
out at a velocity about 10 percent higher than the interface velocity and ending at the test 
section at about the same velocity as the interface. This phenomenon is expected (ref. 16) 
and is due to viscous (tube-wall boundary-layer) effects. 

Wall static pressure upstream of the tube exit (station 13, table 1) and pitot pressure 
at the test section are compared with theory in figure 13. Values of measured pitot pres- 
sure presented in figure 13 are the average of the pitot pressure measured with the two inner 
probes on either side of the centerline (see fig. 9). The computer program of reference 9 
was used to determine theoretical values of the wall static and pitot pressures for a range 
of interface velocities. Measured shock velocity U s l at the secondary diaphragm was used 
as input to determine the real-air thermochemical equilibrium conditions behind this shock 
(region ( 2 ) of fig. 1), and an unsteady expansion was performed to a number of inter- 
face velocities in order to generate the curves of figure 13. The four different flow models 
(ref. 9) used in this comparison were designated “ISEE,” “ISFE,” “SSEE,” and “SSFE,” the 
notation being as follows: 

(1) The incident shock in the test air does not reflect from the secondary diaphragm. 
This model is indicated by the notation IS, for incident shock. 

(2) The incident shock reflects from the secondary diaphragm resulting in a standing 
normal shock immediately upstream of the diaphragm station. This model is indicated by 
the notation SS, for standing shock. 

(3) The test air is assumed to be in thermodynamic equilibrium as it undergoes an 
unsteady expansion caused by the rupture of the secondary diaphragm. This state is desig- 
nated by the notation EE. 
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(4) The vibrational energy and the chemistry of the test air remain unchanged (frozen) 
as the test air undergoes the unsteady expansion. This state is indicated by the notation FE. 

Along with these four theoretical flow models plotted in figure 13 is a fifth model which 
assumes no shock reflection at the secondary diaphragm, assumes an equilibrium expansion, and 
includes the effect of attenuation of the test air velocity by AU 5 = -150 m/sec. The 
procedure for accounting for the effect of attenuation in the interface velocity is discussed 
in detail in reference 1. It should be noted that the region above the curve designated ISEE 
with AU 5 = -150 m/sec represents the predicted existence of thermochemical equilibrium. 
Measured values of wall static pressure p $ fall within this region, implying the flow is in 
thermochemical equilibrium. However, the pitot pressure, which is directly proportional to 
free-stream density, generally falls between predictions for an equilibrium expansion and for 
a frozen expansion. Similar trends were also observed for the pilot-model expansion tube 
as reported in reference 1. The present results demonstrate the inadequacies of the simple 
flow models considered in reference 9 for describing the complex thermochemical-gas dynamic 
aspects of the test flow. 

Representative pitot-pressure profiles obtained with the four-probe survey rake are shown 
in figure 14. These results were obtained with heated helium driver gas and double-diaphragm 
mode of operation. The values for the pitot pressure were taken at 100 jusec after interface 
arrival. For the lower values of Pj shown in figure 14, corresponding to interface velocities 
of 5.3 to 6.2 km/sec, the test core appears to be roughly 6 to 8 cm in diameter or approx- 
imately one-half the tube diameter. At the higher values of Pj, which correspond to a 
much lower value of interface velocity, the existence of an inviscid test core is questionable. 

The relatively large probe spacing of the pitot-pressure survey rake does not provide the 
resolution required for accurate determination of test-core diameter for this case. If a test 
core does exist, the diameter will be less than about 4 cm. 

Test time in the expansion-tube flow is defined as the period of quasi-steady pitot 
pressure following the arrival of the interface at the test section. The test times for the 
runs reported herein, as inferred from measured-pitot-pressure time histories, varied from 
200 to 400 psec. In general, test times inferred from pressure histories were in good agree- 
ment with calculated (ref. 9) test times at the higher interface velocities. However, runs 
at the lower interface velocities indicated a decrease in pitot pressure before the arrival of 
the expansion fan, thereby reducing the test times by 100 to 200 psec. This same decrease 
in pitot pressure and corresponding decrease in test time were also observed in the pilot- 
model expansion tube (ref. 1 ). 


CONCLUSIONS 

A general description of the Langley 6 -inch expansion tube is presented along with 
discussion of the basic components, internal resistance heater, arc-discharge assemblies, 
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instrumentation, and operating procedure. Preliminary results using unheated and resistance- 
heated helium as the driver gas at pressures from approximately 17 to 59 MPa and temper- 
atures from 300 to 510 K, air as the test gas, and helium as the acceleration gas yield the 
following conclusions: 

1. Measured incident shock velocities in the driven section exceeded simple, real-air 
shock-tube theory. Shock velocities for heated-helium driver gas were greater than those 

for unheated helium, as expected, but the difference between these velocities was significantly 
less than predicted. 

2. For the present driven section length of 2.44 m, the incident shock in this section 
was still accelerating upon arrival at the secondary diaphragm station. The test-air-helium- 
acceleration-gas interface was observed to initially accelerate, then attenuate by approximately 
150 m/sec in a distance of 14 m. 

3. Comparison of measured wall static pressures to simple expansion-tube theory implies 
a thermochemical equilibrium expansion. A similar comparison of the predicted pitot pres- 
sures shows experimental results fall between predicted equilibrium and frozen-flow expansions. 
Thus, the thermochemical state of the test flow may not be inferred from simple expansion- 
tube theory. 

4. For interface velocities from about 5 to 6 km/sec, pitot-pressure surveys indicated 
a test core diameter of approximately one-half the tube diameter. The existence of an 
inviscid test core at the lower values of interface velocities is questionable. 

5. Test times, which ranged from 200 to 400 jusec, were in good agreement with 
theory except at the lower interface velocities. At these lower velocities, a dip in the pitot 
pressure was observed prior to arrival of the expansion fan at the test section, thereby 
significantly reducing the test time. 

Langley Research Center 

National Aeronautics and Space Administration 
Hampton, Va. 23665 
June 6, 1975 
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TABLE 1.- INSTRUMENTATION STATIONS 


Station locations for 
present tests 

Modified station locations 
for future reference 

Station 

Distance from 
primary diaphragm, m 

Station 

Distance irom 
primary diaphragm, m 

1 

0.3U85 

1 

0.3085 

2 

.861 

2 

.861 

3 

1.365 

3 

1.365 

4 

1.657 

4 

1.657 

5 

1.822 

5 

1.822 

6 

2.110 

6 

2.110 

7 

2.297 

7 

2.297 

8 

8.041 

8 

3.507 

9 

i0.779 

9 

3.811 

10 

13.045 

10 

4.1175 

11 

15.248 

11 

4.248 

12 

17.450 

12 

4.412 

13 

19.737 l 

i 

13 

? 4-575 

End of tube 

21.600 1 

14 

6.943 

Window 

21.778 

15 

8.065 



16 

9.194 



17 

9.358 



18 

9.521 



19 

10.780 



20 

13.045 1 



21 

15.2485 



22 

17.450 



23 

19.737 


' 

Collar 

21.612 



Window 

21.778 



TABLE 2.- TEST CONDITIONS 


p 4 , MPa 

Pj, kPa 

Vi 

M s,l 

P, 0 . Pa 

Uj, km/seci 

17.2 

1.72 

1.4 to 1.6 

8.3 to 8.50 

3.3 to 66.7 

5.48 to 6.20 

17.2 

3.44 

1.6 to 1.7 

7.55 to 7.75 

13.3 to 66.7 

5.30 to 5.77 

33.8 

3.44 

1.4 to 1.6 

8.35 to 8.54 

6.6 to 133 

5.54 to 6.72 

33.8 

6.89 

1.6 to 1.7 

7.9 to 8.25 

13.3 to 66.5 

5.80 to 6.56 

58.5 

48.3 

1.6 

6.6 

931 

3.78 

55.0 

68.9 

1.6 

6.2 

931 

3.78 

a 19.5 

6.89 

1.0 

6.3 



a 24.5 

6.89 

1.0 

6.3 



a 34.5 

3.45 

1.0 

6.96 



17.2 

3.45 

1.0 

7.0 to 7.2 



33.8 

3.45 

1.0 

7.6 to 7.7 




a Shock-tube runs with a single steel diaphragm. 
















Unsteady 

expansion 
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Primary diaphragm Secondary diaphragm 

Distance ► 

Figure 1.— Schematic diagram of expansion-tube flow sequence. 
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(a) High-pressure driver vessel. 

Figure 3.— Photographs of basic components of the Langley 6-inch expansion tube. 
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(c) Acceleration section and dump tank. 
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(d) Test section with typical model and microwave antenna installed. 

Figure 3.- Concluded. 













Figure 7.- Sketch of electric-arc driver configurations. 





Acceleration tube 
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(c) Wall static piessure and photomultiplier, at 
stations 13.0 m and 15.2 m, respectively. 

L-75-173 

Figure 8.- Representative oscilloscope traces of several flow quantities. 



Transducer 



Figure 9.— Pitot-pressure survey rake. 




L-75-174 


Figure 10.— Schlieren photograph illustrating shock about a blunt body 

in Mach 7.7 airflow. 
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M 



T /T 
4 ' 1 


Figure 11.— Comparison of measured shock Mach numbers in the driven section to 
theory for helium driver gas and air test gas. Open symbols denote double 
diaphragm; closed symbols denote single diaphragm. 
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primary diaphragm. Helium driver gas; air test gas; 
double diaphragm. 





(a) = 1.72 kPa; p^/pj = 10 000. 


Figure 13.— Comparison of measured values of wall static pressure and pitot pressure 
with theory for heated helium driver gas and air test gas. (Circles denote 
experimental data.) 


















Distance from 4 ♦ cm 

Figure 14.— Measured pitot-pressure profiles for heated helium driver gas, 
air test gas, and helium acceleration gas at two interface velocities. 
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